mass spectrometry (LC-MS) to characterize the biosynthesis and function of novel diacylated 23 glycine lipid (GL) species in Bacteroides thetaiotaomicron. We, and others, have previously 24 reported the identification of a gene, named glsB in this study, that encodes a N-25 acyltransferase activity responsible for the production of a monoacylated glycine called N-26 acyl-3-hydroxy-palmitoyl glycine (or commendamide) . In all of the Bacteroidales genomes so 27 far sequenced the glsB gene is located immediately downstream from a gene, named glsA, 28 also predicted to encode a protein with acyltransferase activity. We use LC-MS to show that 29 co-expression of glsB and glsA results in the production of GL in Escherichia coli. We 30 constructed a deletion mutant of the glsB gene in B. thetaiotaomicron and we confirm that 31 glsB is required for the production of GL in B. thetaiotaomicron. Moreover, we show that glsB 32 is important for the ability of B. thetaiotaomicron to adapt to stress and colonize the 33 mammalian gut. Therefore, this report is the first to describe the genetic requirements for Introduction 6 filter sterilised using a 0.22 μm filter and analysed using HPLC with a refractive index detector 136 (Agilent 1200 HPLC system). A REZEX 8µ 8%H, Organic Acid Column 300 x 7.8 mM 137 (Phenomenex, USA) was used with 0.01 N H2SO4 as the elution fluid, at a flow rate of 0.6 ml for B. thetaiotaomicron) at an OD₆₀₀=0.05 and allowed to grow at 37°C until OD₆₀₀=0.5-0.6.
147
At this point 1 ml samples were centrifuged (5 min, 12,000g) and the pellets were re- acylated glycine pool (see Table 1 ). Importantly, we could not detect monoacylated or 237 diacylated glycine in cells overexpressing choB alone (see Figure 2) . Therefore, we propose 238 that, in a mechanism analogous to OL biosynthesis, ChoA N-acylates glycine, resulting in the 239 formation of lyso-GL which is, subsequently, O-acylated by ChoB to produce diacylated GL.
240
In accordance with the nomenclature used for the genes involved in OL biosynthesis, we 241 propose to rename choA and choB as glsB (encoding glycine N-acyltransferase) and glsA
242
(encoding lyso-GL O-acyltransferase), respectively.
244
GlsB is required for the production of commendamide in B. thetaiotaomicron 245 We wanted to confirm that glsA and glsB were involved in the production of GL in commendamide and other N-acylated derivatives of glycine (see Figure 3 and Table 2 ).
253
Further mass spectrometric analysis indicated the presence of diacylated GL in both WT and 254 the complemented DglsB::glsB strain but not in the DglsB mutant (see Figure 3 and Table 3 ).
255
These species showed differences in their retention time compared to the GL found in E. coli 256 and gave rise to multiple, partially resolved chromatographic peaks. Bacteroides are known 257 to produce branched-chain fatty acids although from our MS/MS analysis it was not possible 258 to definitively assign whether the glycines were acylated with straight or branched-chain 259 acyl groups (e.g. 16:0 or methyl-15:0) or if they were iso-or anteiso-branched (28).
260
Importantly, we could not detect any acylated glycine in the DglsB mutant (see Table 2 ).
261
Therefore, glsB is required for the production of all acylated glycine species in B. and DglsB::glsB strain (see Figure 3A) . Although a comprehensive analysis of these 265 differences is not the objective of this study, we did determine that Lipid 654 is produced by 266 B. thetaiotaomicron but absent from the DglsB mutant (see Supplementary Figure S1 ). In observed defect in growth rate between the WT and the DglsB mutant (see Figure 5B ).
305
Therefore, our data suggests that the DglsB mutant is not defective in growth per se but 306 glsB may be required to facilitate adaptation of B. thetaiotaomicron to the transition from 307 growth on a solid surface to growth in liquid broth.
309
The glsB gene is required for adaptation to stress in vitro 310 The transition from growth in solid to liquid media may represent a stress to the bacterium. WT and DglsB::glsB cultures reached a final cell density of 2.6 x 10 9 cfu ml -1 and 2.7 x 10 9 cfu 317 ml -1 respectively (see Figure 6A ). This is only marginally lower than the cell density achieved 318 when cells are grown under the same conditions but in the absence of bile (2.98 x 10 9 cfu 319 ml -1 and 2.9 x 10 9 cfu ml -1 , respectively) and this reflects the high level of bile tolerance 320 associated with the Bacteroides [Wexler, 2007] . In contrast the DglsB mutant only achieved 321 a cell density of 2.7 x 10 5 cfu ml -1 when cultured in the presence of 1% (w/v) porcine bile (in 322 contrast to 2.7 x 10 9 cfu ml -1 when cultured in the absence of bile). Therefore, the DglsB mutant is approximately 10 4 -fold more sensitive to porcine bile than the WT (see Figure 6A ).
324
Similarly, the DglsB mutant exhibited a 10-fold increased sensitivity to exposure to air for 325 14h compared to both the WT and DglsB::glsB strain (see Figure 6B) confirming that these metabolites are exclusively derived from microbial activity in the gut 350 (see Figure 7C ). reserves by using acylated amino acids such as OL to replace the phospholipids normally 384 found in bacterial membranes (37-39). On the other hand, OL production in Rhizobium the bacterial cell to acid and temperature stress (13, 40, 41 Figure 7
